I CLAIM: 



Vr An injection molding apparatus for forming articles 
having a hole, comprising: 1 

at least one mold cavity formed detween a cavity plate 
and an adjacent core; / 

at least one injection molding ndzzle having an annular 
gate, said at least one injection moliding nozzle connectable 
to a source of molten material and cipable of feeding molten 
material from said source to said gate through at least one 
melt channel through said nozzle, saip gate communicating with 
said at least one mold cavity, said gate having a cross- 
section that is wider than the cijfoss-section of said melt 
channel; / 

a valve pin disposed interior/ of said melt channel and 
said gate, said valve pin definind an unrestricted melt flow 
passage through said melt channel /around and along said valve 
pin, said valve pin moveable between a closed position in 
which said valve pin substantially contacts said gate 
sufficiently to stop the flow of molten material through said 
gate, and an open position in which molten material can flow 
unrestricted to said gate. 

2. Apparatus according 
includes a core sleeve for 
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to/ claim 1, wherein said core 
engaging said valve pin. 



m 
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3. Apparatus according to dlaim 2, wherein said core sleeve 
engages the perimeter of said valve pin. 

4. Apparatus according to/ claim 3, wherein said valve pin 
has a guide portion at its jdistal end which engages said core 
for guiding said valve pin| between said closed position and 
said open position. 

5. Apparatus according to/ claim 1, wherein said valve pin 
has a guide portion at its /distal end which engages said core 
for guiding said valve pip between said closed position and 
said open position. 



6. Apparatus according 
section is substantially 



o claim 5, wherein said gate cross- 
bircular . 



7. Apparatus according! to claim 5, wherein said gate cross- 
section is substantially 1 oval . 

8. Apparatus according to claim 5, wherein said gate cross- 
section is substantial!^ square. 

9. Apparatus according to claim 5, wherein said gate cross- 
section is substantialfl-y rectangular. 



10. Apparatus accord|.ng to claim 5, wherein said gate cross- 
section is irregular, 
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11. Apparatus according to 
section is substantially cii 

12, Apparatus according to 



claim 1, wherein said gate cross- 
cular . 



claim 1, wherein said gate cross- 



section is substantially oval. 



13. Apparatus according to claim 1, wherein said gate cross- 
section is substantially square. 



laim 1, wherein said gate cross- 



14 . Apparatus according to c 
section is substantially rectahgular. 



15. Apparatus according to c 
section is irregular. 



laim 1, wherein said gate cross- 



16. Apparatus according to c 
nozzle includes a nozzle tip 
least one nozzle, said gate b< 



Laim 1, wherein said at least one 
which is separable from said at 
ing located in said nozzle tip. 



17. ^/An injection molding japparatus for forming articles 
having a hole, comprisdng: 

at least one mold cavi/ty formed between a cavity plate 
and an adjacent core; 

at least one injection] molding nozzle having an annular 
gate, said at least one inijection molding nozzle connectable 
to a source of molten matepial and capable of feeding molten 
material from said source /to said gate through at least one 
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ining an unobstructed melt flow 
nnel 



melt channel through said nozzle, said gate communicating with 
said at least one mold cavity, said gate having a cross- 
section that is wider than jthe cross-section of said melt 
channel ; 

a valve pin disposed interior of said melt channel and 
said gate, said valve pin de;:: 

passage through said melt charinel around and along said valve 
pin, said valve pin moveable between a closed position in 
which said valve pin substantially contacts said gate 
sufficiently to stop the flow/ of molten material through said 
gate, and an open position in which molten material can flow 
unobstructed to said gate. 

18. Apparatus according tol claim 17, wherein said core 
includes a core sleeve for enpaging said valve pin. 

19. Apparatus according to tlaim 18, wherein said core sleeve 
engages the perimeter of saip valve pin. 

20. Apparatus according toj claim 19, wherein said valve pin 
has a guide portion at its Idistal end which engages said core 
for guiding said valve piri between said closed position and 
said open position. 



21. Apparatus according iho claim 17, wherein said valve pin 
has a guide portion at itts distal end which engages said core 



for guiding said valve pin between said closed position and 
said open position. 



22. Apparatus according 
section is substantially 

23. Apparatus according 



to claim 21, wherein said gate cross- 
ircular. 

■:o claim 21, wherein said gate cross- 



section is substantially pval 



24. Apparatus according 
section is substantially 



to claim 21, wherein said gate cross- 
square . 



25. Apparatus according to claim 21, wherein said gate- cross- 
section is substantially I rectangular . 



26. Apparatus accordingj to claim 21, wherein said gate cross- 
section is irregular. 

27. Apparatus according to claim 17, wherein said gate cross- 
section is substantially circular. 

28. Apparatus accordimg to claim 17, wherein said gate cross- 
section is substantially oval. 



29. Apparatus according to claim 17, wherein said gate cross- 
section is substantia/lly square. 
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30. Apparatus according to 
section is substantially rect 



cP_aim 11, wherein said gate cross- 
<mgular . 



31. Apparatus according to c 
section is irregular. 



laim 17, wherein said gate cross- 



32. Apparatus according to 
one nozzle includes a nozzle 
at least one nozzle, said g 
tip . 



claim 17, wherein said at least 
tip which is separable from said 
ate being located in said nozzle 



apparatus for forming articles 



33/ An injection molding 
having a hole, comprising: 

a mold having a cavity plate and an adjacent core which 
enclose a mold cavity therepetween; 

an injection molding nozzle having a melt channel 
therethrough, said melt channel communicating with the mold 
cavity through an annular aate at the tip of the nozzle; 

a valve pin disposed / interior of said melt channel, said 
valve pin and said melt ahannel defining a melt flow passage 
around and along the valve pin, said valve pin having a head 
portion adjacent the nozzte tip and a stem portion remote from 
the nozzle tip, the headi portion having a wider cross-section 
than the stem portion; and 

an actuator operanively linked to the stem portion of 
said valve pin to move said valve pin between an open position 
with its head portion adjacent the gate in which molten 



material can flow through tne gate into the mold cavity, and a 
closed position with its head portion blocking the gate to 
seal the communication between the nozzle and the mold cavity. 

34. Apparatus according to claim 33, wherein the gate has a 
wider cross-section than tne melt channel. 



35. Apparatus according tjo claim 34, wherein the head portion 
of the valve pin has a | wider cross-section than the melt 
channel . 

36. Apparatus according / to claim 35, wherein the valve pin 
has a smooth transition / portion between its head portion and 
its stem portion. 

37. Apparatus accordii^g to claim 36, wherein the valve pin 
has a guide portion at/ its distal end which engages said core 
for guiding the valve /pin between said open position and said 
closed position. 

38. Apparatus accord/ing to claim 37, wherein said gate cross- 
section is substantially circular. 



39. Apparatus according to claim 37, wherein said gate cross- 
section is substant/ially oval. 
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40. Apparatus according^ 
section is substantially 

41. Apparatus according 
section is substantially 



to claim 31, wherein said gate cross- 
square . 

to claim 31, wherein said gate cross- 
rectangular . 



42. Apparatus according 
section is irregular. 

43. Apparatus accordinc' 
has a smooth transition 
its stem portion. 

44. Apparatus according 
has a guide portion at 
for guiding the valve pd 
closed position. 



to claim 37, wherein said gate cross- 



to claim 33, wherein the valve pin 
portion between its head portion and 



to claim 43, wherein the valve pin 
ts distal end which engages said core 
n between said open position and said 



45. Apparatus according to claim 35, wherein the peripheral 
surface of the head portion of the valve pin forms part of the 
surface of said core when the valve pin is in its closed 
position to at least partly define and form the hole. 



46. Apparatus according to claim 45, wherein the valve pin 
has a guide portion at /its distal end which engages said core 
for guiding the valve pin between said open position and said 
closed position. 
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47. Apparatus according to cllim 33, wherein the peripheral 



surface of the head portion of 
surface of said core when th 
position to at least partly def 



-he valve pin forms part of the 
-5 valve pin is in its closed 
Lne and form the hole. 



48. Apparatus according to c]|aim 47, wherein the valve pin 
has a guide portion at its disoal end which engages said core 



for guiding the valve pin betwe 
closed position. 



en said open position and said 



49. Apparatus according to cl.iim 48, wherein the valve pin 
has a smooth transition portiori between its head portion and 
its stem portion. 



50. Apparatus according to cl 



nozzle seal sealing and guidi 



aim 33, including a removable 



nozzle seal surrounding the heap portion of the valve pin, the 



ng the head portion during at 



least a portion of valve pin [movement between said open and 
closed positions. 

b^/f^ An injection molding systjem for forming articles having a 
hole, comprising: 

a mold cavity plate And a plurality of mold cores 
defining with said mold capity plate a plurality of mold 
cavities ; 

a melt distribution /manifold for delivering molten 
material to said mold cavities; 
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respective mold cavity thrc 
the nozzle; 



a plurality of injection molding nozzles respectively 
associated with said mold cavities, each nozzle having a melt 
channel therethrough, said melt channel communicating with its 



ugh an annular gate at the tip of 



each of said nozzles having a valve pin disposed interior 



of said melt channel, said 
defining a melt flow passag 



valve pin and said melt channel 
e around and along the valve pin, 
said valve pin having a heid portion adjacent the nozzle tip 
and a stem portion remote from the nozzle tip, the head 
portion having a wider crpss-section than the stem portion; 
and 

actuating means operaiively linked to the stem portion of 
each of said valve pins toj move each valve pin between an open 
position with its head rf>ortion adjacent the gate in which 
molten material can flow through the gate into the mold 
cavity, and a closed pos/ition with its head portion blocking 
the gate to seal the conpnunication between the nozzle and the 
mold cavity. 



52. A system according to claim 51, wherein the actuating 
means actuates all of tpe valve pins simultaneously. 

53. Apparatus according to claim 51, wherein the peripheral 
surface of the head portion of each valve pin forms part of 
the surface of said /mold core when the valve pin is in its 
closed position to at least partly define and form the hole. 
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54. Apparatus accordir 
has a guide portion at 
core for guiding the vail 
said closed position. 



g to claim 53, wherein each valve pin 
its distal end which engages said mold 
ve pin between said open position and 



5. Apparatus according to claim 54, wherein each valve pin 
has a smooth transition \ portion between its head portion and 
its stem portion. 



5 6 . Apparatus accordin 
nozzle seal on each noz 
valve pin, the nozzle 
portion during at lea 
between said open and c 



J to claim 54, including a removable 
^le surrounding the head portion of the 
seal sealing and guiding the head 
st a portion of valve pin movement 
osed positions. 



57. Apparatus according to claim 51, including a removable 
nozzle seal on each noEzle surrounding the head portion- of the 
valve pin, the nozzle seal sealing and guiding the head 
portion during at l4ast a portion of valve pin movement 
between said open and /closed positions. 
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